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ABSTRACT

Analyses of new anatomical and molecular data confirm the
taxonomic position of Troschelia berniciensis (King, 1516)
within the Buceinidae and provide the framework for a review
of the relationships of the families Fasciolariidae and Buccini-
dae. The morphology of Troschelia Mérch, 1876, is similar to
that of other Northern Atlantie and Pacilic buccinid genera,
Anatomieal examination of a number of fasciolariid species
revealed only a single character, the structure of the proboscis
retractor muscles, to be diagnostic of the Fasciolariidae, while
other characters are shared with the Buccinidae. A molecular
phylogeny also confirms a close relationship between the two
groups.

Additional keypeords: Taxonomy, phylogeny, anatomy, Buccini-
dae, Fasciolariidae

INTRODUCTION

Phylogenetic loldtl()nshlps among the more than 200
genera and subgenera included in the gastropod family
Blleeun(Lw remain qmlc dmbwuous The northeastern
Atlantic monotypic genus Imsdl(lm Moreh, 1876, has
been classified by a mnnl)(l of authors (e.g., G.O. Sars
(1878), J. Thiele (1929)) in the family Fasciolariidae, due
to the peeuliar radulu of Troschelia berniciensis (King,
1846). However, Bouchet and Warén (1985) placed

Troschelia within Buccinidae, based on the morphology

of its lateral teeth, which have multiple, uniform cusps
similar to those of some other Buccinidae (Thalasso-
planes Dall, 1908). To elucidate the phylogenetie rela-
tionships of Troschelia with the families Bll((]ll](ld(‘ and
Faseiolariidac, morphological and anatomical features
were studied, and partial sequenees from the mitochon-
drial 16S rRNA gene were analyzed lor Troschelia ber-
niciensis as well as for a number of buneeinid and
fasciolariid taxa.

MATERIALS AND METHODS

Samples for the present study were collected during field
work and expeditions to the West Pacifie (PANGLAO 2004,
Philippines, and Santo 2006, Vanuatu, organized by the
Muséum national d"Histoire naturelle, Paris), to Panama
(Neogastropod Workshop 2006, at the Smithsonian Trop-
ical Research Institute, Panama), the Mediterranean Sea,
and at other localities, and supplemented by specimens
provided by Muscums (BMNI — Natural History Muse-
um, London, UK, MNHN — Muséum National d Tlistoire
naturelle, Paris, France, BAU — Musenm of Biologia Ani-
male e dell'Uomo Department, University “La ‘mplen/d
Rome, Ttaly) and colleagues. The taxa listed in Table 1
were used for dll(ll()llll(‘cll studies. Animals were dissected
and radulae examined using an SEM. Sequence data was
newly generated for several species, and supplemented
with additional taxa that were obtained from GeneBank
(see Table 2).

DNA Extraction, PCR, anp SeouencinG: Total DNA
was extracted following a standard Phenol/Chloroforny/
Ethanol protocol (IIilIis et al., 1990) with slight modifi-
eation as previously described by Oliverio dll(l Mariottini
(2001) for mollusks. QIAGEN QiAmp Extraction Kit
was used according to manufacturer’s instructions for
extraction of DNA from diffieult samples.

A region of the gene encoding 16STDNA encompass-
ing t]w domains 1V and V (G .ntell and Fox, 198S) was
dlllphht ' using primers 16SA (5-CGCCTGTTTATCA-
AAAACAT-3) (l)clllllnl)l et al., 1991) and 16S11 (5-CC
GGTCTGAACTCAGATCAC-37) (l‘spil'itu et al., 2001).
Amplification conditions were as [ollows (30-35 cyeles):
94° for 30 sec, 45-50°C for 30 sec, 72°C for 60 sec,
When a single band was obtained the PCR prodnct was
purified nsing the Exo-Sap enzymatic method. Pnrilied
products were then double strand sequenced with Big-
Dyve v. 2.0 (Applied Biosystems, Foster City, CA, USA)
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Table 1. Species used in the anatomical study.
Family Subfamily Species Locality Voucher number
Buccinidae Troschelia berniciensis Station number 44/2, Sea Area: S38, BMNH 20031298
(King, 1846) 51°19.2/ N, 08°32.2" W, BAUOOGS7
Depth: 9.)111. Date: 28/05/1975
RRS CuaLLENGER Cruise 8/75
Fasciolariidae Peristerninae Turrilatirus turritus Sudan, Red Sea, FEL-93 BAU00691
(Gmelin. 1791) Expedition, Sha’ab Rumni, Stn. 4,
N 6, 0.5-1 m, reef-flat brushing,
pocilloporids and coral rubble,
M/S FELICIDAD
Fasciolariidae Peristerninae Pustulatirus mediamericanus — Panama, Pacific Ocean, Venado BAUO006SS
(Hertlein and Strong, 1951a), beach, 8.89° N, 79.59° W,
intertidal, Feb. 2006
Fasciolariidae Peristerninae Latirus polygonus Sudan, Red Sea, REDSED-5 BAU00690
(Gmelin, 1791) Cruise, Sanganeb Reef, Stn.
RS5-5, N 1, Southern Lagoon,
sand
and patchy reefs, 2 m, M/S
Frricibap — BIORES group, Leg.
M. Oliverio, M. Taviani,
3 Sep.1993
Fasciolariidae Peristerninae Peristernia nassatula Sudan, Red Sea, REDSED-5 BAU00G92
(Lamarck, 1822) Cruise, Sanganeb Reef, Stn. RS53-3,
N 1, lagoon plus reef flat,
brushing coral rabbish and direct
search in situ, 2 Sep. 1993 day — 9
Sep. 1993 night
Fasciolariidae Peristerninae Peristernia ustulata Philippines, Pamilacan, BAU006Y3
(Reeve, 1847) 9.48° N, 123.9°3 E, 1041 m
Fasciolariidae Peristerninae Opeatostoma pseudodon Panama, Pedro Gonzales Island, BAU006S9
(Burrow, 1815) Ar(‘hipplugus Las Perlas, 8.4° N
79.1° W, intertidal, 02.2006
FFasciolariidae Fusininae Fusinus tenerifensis Canary Islands, Puerta de la Cruz BAU00694
Hadorn and Rolin, 1999
Fasciolariidae Fasciolariinae Fasciolaria lignaria S. Marinella (Italy) 42°02" N BAU00227

(Linnaeus, 1758)

11°54" E, intertidal

using the PCR primers and sequences visnalized on
automatic sequencer. Sequencing was performed by
Macrogen Inc. (Seoul, South Korea). Chromatograms
were analysed by Staden Package (Version 1.6.0, Staden
et al., 19()8, 2005). All sequences have been d(‘p()sm »d at
EMBL. (see Table 2 for accession numbers).

Sequences obtained were aligned using ClustalX
(Thompson et al., 1994; 1997) with the default settings.
lhc alignments obtained were manually edited. The
1 test nnp]mm nted in PAUP* v. 4b10 (Swofford, 2002)

was used to test for base (()lll[)()SItl()]l 110111()gt<m,1t’\ of

the sequence data aligned.

A Bavestan (uml\sn of the aligned sequences was
pe rformed using \Illh\(s v. 3.1.2 (l\()nqm.sl and Huel-
senbeck, 2('()3), which sampled trees from posterior
densities using the Markov Chain Monte Carlo method
(Larget and Simon, 1999; Yang and Rannala, 1997).
The substitution model to be used in the Bayesian
analysis was chosen after evaluation by the software
MrModeltest 2.2 (Nylander, 200:4), while base frequen-
cies, relative rates of the six substitution types and

model parameters were estimated by MrBayes during
phylogenetic reconstruetion. A four- ‘chain e u()p()hs-
coupled Monte Carlo analysis was run twiee in parallel
for 10° generations, and trees were sampled every 1000
generations, starting after a burn-in of 250000 genera-
tions. Stationarity was considered to be reached
when the average standard deviation of split frequencies
shown in MrBayes was less than 0.01 (Ronquist and
Huelsenbeck, 2003). Bayesian posterior probabilities
(BPP) of a branch were estimated as the pereentage of
trees (after burn-in) which showed that specific node.

RESULTS

Anatomy of Troschelia berniciensis: EXTERNAL MoOR-
rriorocy: Animal (Figures 1-3) is uniform cream in col-
or. Foot (Figure 1, ft) partly contracted, with deep
propodial groove (prpg) separating narrow propodiunm.
Operculum oval, with terminal nucleus (Figure 1, op).
Head moderately large, broad (Figure 1, hd) with pair
of long, thick tentacles, each with large black eye on
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Table 2.

Species incnded in the phylogeny based on partial 16§ DNA sequences.

Family Species Locality Voucher number  EMBL Reference
Cancellariidac  Cancellaria cancellata Olf Malaga (Spain), BAUOO224 FM999105  Oliverio and
Linné, 1767 40-50 m Modica, in
1)[‘(’55
Fasciolariidae  Turrilatirus turritus Balicasag (Philippines) BAUOOGYS FN394061  this study
(Gmelin, 1791) 9.51° N, 123.68 L,
50-150m
Fasciolariidae  Fasciolaria lignaria S. Marinella (Italy) 42.03° N, BAU00227 FN394059  this study
(Linnaeus, 1758) 11.9° E, intertidal
Fasciolariidae  Fusinus akitai Off Atsumni, Aichi, central e ABO44253  Hayashi, 2005
Kuroda and Habe in Habe, Japan
1961
Fasciolariidae  Granulifusus niponicus Off Kushimoto, — ABO44254  Hayvashi, 2005
(E.A. Smith, 1879) Wakayama, central Japan
Buccinidae Troschelia berniciensis South of 1reland, 51°19.2 BMNIH FN394057  this study
(King, 1546) N, 08°32.2" W 20031298
BAUOOGST
Buccinidae Pollia tincta St. Petersburg Beach, = ABO44270  THayashi, 2005
Conrad, 1846 Pinellas, Florida, USA
Buccinidae Pisania striata Salina Is. (Italy), 38.58” N, BAU0069S FM999125  Oliverio and
Ginelin, 1791 14.80° E, intertidal Modica, in
press
Buccinidae Engina pulclira Venado (Panama), 8.89° N, BAUOO276 FN394058  this study
79.59” W intertidal
Buccinidae Cantharus multangulus Tierre Verde, Pinellas, = ABO44259  Hayashi, 2005
(Philippi, 1848) Florida, USA
Buccinidae Paraeuthria plumbea Ushuaia (Argentina), BAUO0697 FM999126  Oliverio and
(Philippi, 1841) 54.787 S, 68.237 \V, MNHN IM- Modica, in
intertidal 2009-4613 press
Buccinidae Neobuccinum eatoni Terra Nova Bay (Antarctic), BAUO0O7S5 FM999127  Oliverio and
(Smiith, 1875) 74.697 S, 164.127 E, MNHN IM- Modica, in
2009-4614 press
Buccinidae Chlanidota densesculpta South Sandwich Islands BAU00230 FN394060  this study
Martens, 1885 56.247 S, 27,447 \WV
Buccinidae Buccinulum lineumn Leigh Harbour, — ABO44256  layashi, 2005
(Martyn, 17584) New Zealand
Buccinidae Japentlivia ferrea Suga Island, Ise Bay, Mie, R ABO44262  Hayashi. 2005
(Reeve, 1847) central Japan
Buccinidae Siphonalia cassidariacformis — off Shizuoka, central Japan — ABO44271  Hayashi, 2005
(Reeve, 1843)
Buceinidae Kelletia kelletii Santa Barbara Island, Los e AB121037 Hayashi. 2005
(Forbes, 1850) Angeles, USA
Buccinidae Penion sulcatus Unknown, New Zealand e ABO44267  Hayashi, 2005
(Lamarck, 1816)
Buccinidae Plios lacve OIf Kushimoto. e ABO44268  Hayashi, 2005
Kuroda and Habe in Habe, Wakayama. central Japan
1961
Buccinidae  Neptunea intersculpta Off Hokkaido, north Japan — ABO44265  Hayashi, 2005
(Sowerby, 1899)
Buccinidae Buccinum opisoplectumn unknown — ABO44257  [Mayashi, 2005
Dall, 1907
outer side of swelling at its base. Penis (Figure 1. p) Dicestive: System: Proboscis extremely long, narrow

small, apparently 1111(‘1(*1‘(16\‘61()136(1.

ManTLE: Mantle margin indented (Figure 3). Siphon
(Figure 3, s) moderate ]} long, muscular. Osphradium (os)
occupies ~ Y2 mantle le ng_,th ~1/6 mantle width. Cteni-
diwn (et) long, crescent-shaped, occupying 4/5 mantle
length. Hypobranchial gland (hg) not well developed.

(Figures 4-5, pr), compactly folded \wtlun111\11(110(1(’11111
(Furm( 4, rd). Buccal mass occupics ~ Y proboscis
length. Radula equal in length to odontophore, with
structure similar to that illustrated in Bouchet and Warén
(1985: 184, fig. 4S5). Proboscis attached to bottom of
body I aemocoe] by proboscis retractors (Figures 4-5,
pyr) emerging from its base, consisting ~ 6 multiple
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prr

Figures 1-7.  Anatomy of Troschelia berniciensis. 1. Cephalopodinm, visceral mass removed. 2. seetion ol esophagus with duct of
aland of Leiblein. 3. Mantle, 4. Foregut. 5. Proboscis. 6. Stomach. 7. Internal structure of the stomaeh. Abbreviations: ao, anterior
aorta, aoe, anterior esophagus; em, columella muscle; et, ctenidinm; (i, foot; gl, gland of Leiblein; hd, head; ht, heart; kd, kidney:
nr = nerve ring; op, operculim; os, osphradinm; p, penis; pdg, posterior dnet of digestive gland; poe, posterior esophagus; pr,
proboscis; prpg, propodial groove: prr, proboscis retractors; vd, thynchodeun; ve, rectuny; s, siphon; sg, salivary gland; st, stomach;
vl, valve of Leiblein.
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Figures 8-17.  Anatomy of Fasciolariidae. 8—10. Peristernia nstulata. 8. Cephalopodinm, visceral mass removed. 9. Foregut,
ventral view. 10. Foregut, lateral view. 11. Foregut of Pustulatirus mediamericanus, ventral view. 12. Proboscis of P ustulata.
13-15. Pustulativus mediamericanus. 13, Mantle. 14, Proboscis. 15. Internal structure of the stomach. 16, Stomach of Latirus
polygonus. 17. Stomach of P. ustulata. Abbreviations: aoe, anterior esophagus; be, buccal cavity, bm, buccal mass; em, columellar
muscle; et, ctenidium; dg, digestive gland; dgl, duct of gland ol Leiblem: eye, eye: ft, foot: gl, gland of Leiblein: gon, gonad: hd,
head; int, intestine; mo, mouth opening: mrr, medial retractor of radula; nry nerve ring; odn, odontophore nerves: odr, odonto-
phore retractors;, op, operculum; os, osphradium: poc, posterior esophagus; pr, proboscis; prg, prostate gland: prr, proboscis
retractors: r, radula; rd, vhynchodeum; re, rectum; s, siphon; sd, salivary duct; sg, salivary gland: st, stomach; vl, valve of Leiblein,
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Figures 18-29. Anatomy of Faseiolariidae. 18—21. Fusinus tenerifensis. 18. Foregut. 19. Proboseis. 20. Cephalopodimu. 21.
Stomach. 22-24. Opeatostoma pscudodon. 22. Mantle. 23. Soft parts. 24. Foregut. 25. Internal strueture of the stomaeh. 26.
Proboseis. 27—29. Fasciolaria lignaria. 27. Foregut. 28. Internal strueture of the stomach. 29. Proboscis. Abbreviations: adg,
anterior dnct of digestive gland; ao, anterior aorta; aoe, anterior esophagus; be, bueeal eavity; bep, bursa eopulatrix; bm, bueeal
mass; cg, capsule glind; em, columella musele; et, ctenidinm; dg, digestive gland: eye, eye; ft, foot; gl, gland of Leiblein: gon,
gonad; hd, head; hg, hypobranchial gland; int, intestine; mrr, medial retraetor of radula; n, nerves; nr, nerve ring; odr, odonto-
phore retractors; oeo, oesophageal opening; op, opereulum; os, osphradium; p, penis; pdg, posterior duct of digestive gland; poe,
posterior esophagus; pr, proboscis: prr, proboscis retractors; r, radula; rd, rhynchodenm; s, siphon; sd, salivary duct; sg, salivary
gland; spd, spermoduct; st, stomach: vl, valve of Leiblein.
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Figure 30. Bayesian topology obtained for the molecular

dataset. Numbers at nodes are the Bayesian Posterior Probabil-
ities.

muscle tufts. Anterior esophagus wide, convoluted. Valve
of Leiblein small, pyriform, situated immediately anterior
to nerve ring, Salivary glands of medium size (ques 2,4,
sg). tightly packed WJth nerve ring (Figure 4, nr) by con-
nective tissue. Anterior aorta (Figure -, a0) passes
thr(nmh nerve 1'i11" runs pdm llel to p()sl( ror (sophmfus
Stomdeh narrow, oceupwnff ~ 1/3 whol (Figure 6, st).
Posterior mixing area is absent, stomach walls lined with
high, transverse folds of epithelinm. Opening of posterior
duct of digestive gland large, situated above the oesopha-
geal opening (Figure 7, pdg).

Anatomy of Fasciolariid Species: Eight species of
Fasciolariidae, representing seven genera from three sub-
families, were studied anatomically (Table 1). Main external
morpliologieal features included a folded, large muscenlar
foot (Figures 8, 20, 23, ft), a broad head w 1l11 relatively
short tentados (Figures 8, 20, 23, hd), and au npmeulum
with a terminal 1]11@](1]5 (Figures 8, 23, op). The mantle
(IFigures 13, 22) has a moderately large, muscular siphon,
a ctenidium occupying %4-1/3 of the mantle width, and
an asymmetrieal osphradinnn that may be large (Fusinus
tenerifensis Hadormn and Rolin, 1999, Latirus polygons
(Gmelin, 1791), Pustulatirus mediamerieanus (Hertlein
and Strong, 1951a), Fasciolaria lignaria (Linnacus, 1758),
Peristernia nassatula (Lamarck, 1822), P ustulata (Reeve,

1847) — Figure 13, os) or small (Opeatostoma pscudodon
(Burrow, 1815) — Fignre 22, 0s).

Dicestive SysteEnM: The proboscis is straight and never
coiled within the rhynchodemm. Tt may be rather short
in Pustulatirus mediamericanus (Figure 14), Latirus
polygonus., Opeatostoma pseudodon (Figure 26), Fusi-
s tener lﬁnmis (Figure 19), and Faseiolaria licnaria
(Figure 29), with the length of the buccal mass and
m(lu]a (qlml to the lvlwtll of proboscis (Figures 14,
19, 26, 29, bm). The pmlmcels ot Peristeritia u(/.swm/a_
P ustulata and Turvilatirus turvitus (Gmelin, 1791) is
very long, spanning one whorl (Figures 8-10, pr). The
buccal mass and radnla are abont half of the proboscis
length (Figure 12, bm) in these taxa. The radula of
Pustulativus mediamerieanus has a small, -cuspid rachi-
dian tooth and broad lateral teeth with 11 ensps of equal
size on the left and 12 cusps on the right of the rachidian
(Figure 35). The radula of Latirus polygonus has a small,
3-euspid rachidian tooth. with the median cnsp slightly
longer than marginal cusps; lateral teeth have 11 and 12
equal cusps on left and right longitudinal rows, respec-
tively (Figure 31). The radula of Turrilativus twrritus has
a similar rachidian tooth and lateral teeth with only
7 equul cusps in each row (Figure 32). Peristeruia nas-
satula (Figure 34) and P ustulata (Figure 33) possess
very snmLu racdulac, with very small 3 (mpul tachidian
teeth and lateral tecth with nmltlplo alternating smaller
and larger cusps. The radula of Opeatostona pseudodon
(l‘wuu' 37) has a 5-cuspid rachidian that is unusually
large for fasciolariids, and lateral teeth with S eqlml
cusps in cach longitudinal row. The radula of Faseiolaria
lignaria (Figure 36) corresponds to previously published
ficures (see Bandel, 1954).

There is only oue, long and powerful proboscis retrac-
tor muscle in Peristernia nassatula, Pustulata, and Tuir-
rilatirus turritus; it emerges from the middle part of
the proboscis, runs veutrally, and attaches to the colu-
mellar muscle (Figure 10, prr). The siugle proboscis
retractor of Faseiolaria lionaria is very \mlv and short,
starting from the posterior section of the rhynchodenm
(Figure 27, prr). In Pustulatirus mediamerieanns one
powertul ventral proboscis rvetractor is supplied by two
smaller and thinner muscles, situated in the upper part
of the 1'11)110110(1(*11111 (Figure 11, prr). In Opeatostonia
pseudodon there are two main lateral proboscis retrae-
tor mmnscles as well as several additional thin retractor
muscles, sitnated more anteriorly (Figure 24, prr). Fusi-
nus tenerifensis (Figure 18, prr) and Latirus polygonus
possess two lateral pml)m( is retractor muscles.

The anterior esophagus is wide, dorso-ventrally flat-
tened, flanked by two salivary ducts that are not em-
bedded in its wall in all studied species (Figures 9, 11,
24, 27, aoe, sd) except for Latirus puh/muus The
salivary glands (Fignres S, 10, 11, 18, 24, 27, sg) are
large, separate in Fusinus tenerifeusis, Fasciolaria lig-
waria, and P mediamerieanus, and fused heneath llnu
nerve ring in Turrilatiras turritus. Peristernia wassa-
tula, P ustulata and Opeatostonia pseudodon. The
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Figures 31-37.  Radulae of Fasciolariidae. 31. Latirus polygonus. 32. Turrilatirus turritus. 33. Peristernia ustulata. 34. Perister-
nia nassatula. 35. Pustulatirus mediamericanus. 36. Fasciolaria lignaria. 37. Opeatostoma pseudodon.
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Table 3. Distinguishing anatomical features of the buccinids and fasciolariids examined in this study.

Proboscis Salivary Salivary
Feature Species Proboscis retractors glands ducts Stomach Radula
Trosclielia Long, coiled, buccal Multiple Fused ? Narrow, pma 5:1:5, lateral
berniciensis mass is 1/6 of pr. absent cusps of equal
length size
Pustulatirus Short, straight, buccal ~ Single powerful — Fused Free, twisting  Broad., with 7:3:8, lateral
mediamericanits mass is equal to pr. and two thin several cusps of equal
length additional medium size
high folds, pma
absent
Latirus Short, straight, buccal ~ Paired P Embedded Narrow, pma 11:3:12. lateral
polygonus mass is equal to pr. absent cusps of equal
length size
Turrilatirus Long, straight, buccal ~ Single, long Fused Free, straight Medium broad, 7:3:7, lateral
turritus mass is ‘/z of pr. and narrow pma absent cusps of equal
length size
Peristernia Long, s‘truight, buccal  Single, long Fused Free, straight Mediun broad, 12:3:12, lateral
nassatula, mass is %2 of pr. and narrow pma absent cusps of
Peristernia length different size
ustulata
Opeatostoma Short, straight, buccal ~ Two powerful Fused Free, straight ~ Medium broad. §:5:8, lateral
pseudodon mass is equal to pr. and several with several cusps of equal
length additional medium high size
folds, pma
absent
Fusinus Short, straight, buccal — Paired Separate ? Narrow, pma P
tenerifensis mass is equal to pr. absent
length
Fasciolaria Short, straight, buccal ~ Single, short Separate  Free, straight Broad, with 12:3:12, lateral
ligharia mass is 2/3 of pr. and broad multiple Tow cusps ol equal
length folds, pma size
absent

valve of Leiblein is moderately large and pyriform. The
gland of Leiblein is very large in Fusinus tenerifensis,
Turrilatirus turritus, and Peristernia species, and of
medium size in O. pseudodon, P. mediamericanus, and
I lignaria (Figures 9-11, 18, 24, 27, vl, gl). The anteri-
or aorh (a0) is very large and tlncl\ walled. The stom-
ach of all fasciolariids examined lack a posterior mixing
area. They are narrow and long, with well-developed
inner epithelial folds, high in O. pseudodon and P,
mediamericanus  (Figures 15, 25), and low in
F. lignaria (Figure 2S). The stomachs of O. pseudodon
and F lignaria possess two openings of ducts of the
digestive gldnd situated a short distance from each
other, A longitudinal fold (Figures 25, 28, H1) is present
on t]le inner stomach wall, as are multiple transverse
folds on the outer wall. The internal stomach structure
of the remaining speues was not studied due to poor
preservation (outer view on Figures 16, 17, 21). Anato-
mical features of the studied fasciolariid species are
summerized in the Table 3.

Molecular Analysis: A total of 9 new, partial 16S
ribosomal DNA sequences were obtained, each 487-
493 bp long (including the outgroup Cancellaria can-
cellata), and analyzed together with 12 previously
published buccinoidean 16S sequences (IHayashi, 2005)

(See Table 2). The aligned dataset comprised 514 nucle-
otide p(mtlom
Ay~ test of base homogeneity, uncorrected for phy-

logeny, indicated that base composition was not signifi-
cantly different across all sites (P = 0.999). The model
used for Bayesian analysis was HKY+1+G, as selected by
the Akaike Information Criterion in MrModeltest 2.2. In
the resulting tree, Troschelia bernicicnsis occupies a bas-
al position in a clade with Paracuthria plumbea and Phos
lacve (Fignre 30) with a bayesian posterior probability
(bpp) of 0.87. This clade is the sister group to a larger,
unresolved grouping, comprising several buccinid spe-
cies and all the Fasciolariidae included in the analysis.
The fasciolariids in this study form a well- .xnpp()lte(l
monophyletic group (bpp=0 99). However, the place-
ment of the fasciolariid clade among the buccinid taxa
suggest that the Buccinidae is par: 1p|1yl( tic in our analy-
sis, and that the Fasciolariidae may be a stem group
within Buccinidae.

DISCUSSION

Troschelia  berniciensis, though differing in radular
structure, is very similar to other boreal representatives
of the family Buccinidae in the morphology of its fore-
gut, espe (‘mllv to Atlantic species of Colus (Kosyan, pers.
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observ.), aud to Ancistrolepis (Kantor, 1988). All have a
long, coiled proboscis, proboscis retractors consisting of
multiple tufts of muscular fibers that attach to the base
of the proboscis, and a stomach without a posterior mix-
ing area. The last fcature has been considered to be
typical for Fasciolariidac (Kantor, 2003), as is a radula
with a small rachidian tooth and multi-cuspidate lateral
teeth.

Although Ponder (1970) concluded that there are no
reliable anatomical differences readily distinguishing the
families included in Buccinoidea, Kantor (2003), and
later Fraussen et al. (2007), reported that a combination
of features, including a characteristic stomach morphol-
ogy, together with multlcuspld lateral radular teeth, a
very small central tooth, single or paired proboscis re-
tractor muscles, and salivary ducts passing within the
csophagus walls, allows for the confident diagnosis of
the family Fasciolariidae.

Our data confirm that the anatomy of the fasciolariids
we studied is, in general, very similar to that of Buccini-
dae. Fasciolariid \t()lll(l(lls lack the posterior mixing ar-
ea, and vary in internal structure from bucclmd like
(Pustulatirus mediamericanus, Opcatostoma pscudodon)
to fasciolariid-like (Fasciolaria lignaria). The salivary
ducts, when it was possible to follow them., passed freely
along the (’S()phd“ll& or were bound with it by connec-
tive tissue, but in no case were embedded into the
esophagus walls. A single morphological character was
common to all fasciolariids and was never found in bue-
cinids. This character is the structure of the proboscis
retractor muscles, represented in fasciolariids by single
or paired tufts of muscle fibers. In contrast, all bnccmlds
studied have retractor muscles consisting of multiple
muscle tults, sometimes packed into two scu)n(Lm tufts
by connective tissue (Kosyan and Kantor, 2009). “Thus,
from a morphological perspective, Fasciolariidae consti-
tute a derived group within Buccinidae. It is noteworthy
that this pattern also emerged from our preliminary mo-
lecular analysis.

In the phylogenetic hypothesis derived from the mo-
lecular dataset (Figure 30), including 16 buccinid and 4
fasciolariid taxa. Troschiclia is in the same clade with the
tropical buccinids Parcuthria and Phos. Although the
refationships among several buccinid clades are still not
clearly resolved in our topology (possibly duc to both a
significantly incomplete taxonomic coverage, and the
use of a suboptimal marker), we recovered a strong
signal ol close relationship between Fasciolariidae and
Buccinidac.
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